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METHOD FOR AIR CONDITIONING A MOTOR VEHICLE 



BACKGROUND OF THE INVENTION 



Field of the invention 

[0002] The invention relates to a method for air conditioning a 
motor vehicle in accordance with the preamble of patent claim 1. 

Related Art of the Invention 

[0003] A method of the generic type is known from 
DE 36 35 353 Al, in which it is described that the air- 
conditioning system should be run in heat pump mode in order to 
rapidly heat a passenger compartment and to defrost frozen or 
fogged windows. In this case, the actual condenser of the air- 
conditioning circuit is bypassed downstream of the compressor via 
a bypass line, after which the heated cooling medium passes 
through the evaporator, which functions as a condenser and also 
has an air stream passed into the passenger compartment passing 
through it. The cooling medium which has cooled there then takes 
up heat from a third heat exchanger, which serves as an 
evaporator and has the coolant of the internal combustion engine 
flowing through it. During a cold start of the engine and at low 
ambient temperatures of between -10 and +10 °C, moisture has 
usually condensed or frozen on the evaporator. However, the air 
flowing past the evaporator into the passenger compartment takes 
up some of the moisture which is present at the evaporator and 
transports it, inter alia, onto the windows of the motor vehicle, 
which for a certain period of time leads to undesirable fogging 
of the windows . 
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SUMMARY OF THE INVENTION 
[0004] The invention is based on the object of developing a 
method of the generic type in such a manner that fogging of the 
windows of the motor vehicle is prevented from the outset. 

[0005] According to the invention, this object is achieved by 
the features of patent claim 1. 

[0006] As a result of the humidity within the passenger 
compartment in relation to the passenger compartment temperature 
being recorded by measurement technology and of a heat source 
which is external to the refrigeration circuit being used, the 
heat source for heating the passenger compartment is started up 
when a threshold value for the humidity at a defined temperature 
is reached. At the same time, the mass flow of refrigerant 
through the evaporator is throttled to a sufficient extent for 
there to be virtually no introduction of heat into the passenger 
compartment via the evaporator. As a result, the condensate 
remains at the heat exchanger forming the evaporator, or the feed 
air to the passenger compartment is dried by condensation at the 
evaporator. The external heat source as it were functionally 
replaces the evaporator for heating the passenger compartment . 
Only when a defined temperature level has been reached in the 
passenger compartment is the external heat source decoupled and 
the throttling of the mass flow of refrigerant through the 
evaporator relieved. This creates air-conditioning in which the 
passenger compartment can be heated at low temperatures without 
fogging of the windows. The method according to the invention is 
particularly advantageous when C0 2 is used as refrigerant, on 
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account of the superior use qualities of C0 2 compared to other 
refrigerants in heat pump mode, which derive from its physical 
properties at the given pressure level. 

Brief Description of the Invention 

[0007] Expedient configurations of the invention are to be found 
in the subclaims; moreover, the invention is explained in more 
detail below on the basis of an exemplary embodiment illustrated 
in the drawings, in which the figure diagrammatically depicts an 
air-conditioning circuit of a method according to the invention 
with a heating heat exchanger as external heat source. 

Detailed Description of the Invention 

[0008] The figure illustrates an air-conditioning circuit 1 of 
an air-conditioning system of a motor vehicle which can be used 
both to cool a passenger compartment of the motor vehicle and to 
heat the passenger compartment. The basic components of the 
circuit comprise a compressor 2, a condenser 3, a throttle valve 
4 and an evaporator 5 used as passenger compartment heat 
exchanger. In heating mode, the circuit 1 is switched to heat 
pump operation, according to which the hot refrigerant - C0 2 - 
which has been compressed to a high pressure level by the 
compressor 2 is made to bypass the condenser 3 via a bypass line 
6. The hot refrigerant then passes a branch line 7, which is 
connected to the bypass line 6 and has a 3/2-way valve 8, from 
which it flows through the heat flux section of a countercurrent 
heat exchanger 9 of a continuation line 10, releasing a small 
amount of its heat to the cool countercurrent. Furthermore, the 
refrigerant, which is still relatively hot, flows through the 
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throttle valve 4 and the downstream evaporator 5, which has feed 
air for the passenger compartment passing through it. In the 
process, the refrigerant releases at least the majority of its 
heat to the air stream which is used to heat the passenger 
compartment. The refrigerant, which is now cold, then flows 
onward via a 2/2 -way valve to a collection tank 11, in which 
liquefied refrigerant fractions are stored in order to avoid 
damage to the compressor 2 when the refrigerant is sucked in and 
to serve as a reservoir when the demand for refrigerant rises . 
The collection tank 11 is followed by the cooling flux section of 
the countercurrent heat exchanger 9, in which the cold 
refrigerant is heated again to some extent, so that it can be 
entirely in gas form when it is sucked in by the subsequent 
compressor 2. 

[0009] In addition to the air-conditioning circuit 1 which has 
been outlined, the vehicle is also equipped with an engine 
cooling circuit 12. This circuit comprises two sections 13 and 
14, which are fluidically coupled to one another via a 4/2-way 
valve 15. Whereas an engine 16, a radiator 17, an exhaust-gas 
heat exchanger 18, a thermostatic valve 19 and a heat exchange 
section of a countercurrent heat exchanger 20, with the opposite 
part of the section incorporated in a secondary line 21, which 
branches off downstream of the evaporator 5, of the circuit 1, 
are arranged in section 13, the section 14 is equipped with a 
heating pump 22, a heat exchange section of a countercurrent heat 
exchanger 23, which section is thermally coupled to its opposite 
part arranged in the bypass line 6, and a heating heat exchanger 
24. The heat exchanger 24, together with the evaporator 5, is 
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arranged in an air-conditioning box 25 of the air-conditioning 
system. 

[00010] Furthermore, the temperature and, in addition, the 
atmospheric humidity in the passenger compartment are recorded by 
measurement technology using suitable sensors, with the sensors 
which detect the humidity preferably being assigned to one or more 
windows. To fundamentally prevent fogging of the windows at low 
temperatures, first of all the circuit 1 is switched to heat pump 
operation, after which the hot refrigerant is passed through the 
compressor 2, via the bypass line 6, the branch line 7 and the 
throttle valve 4, to the evaporator 5, which first of all heats the 
passenger compartment by means of the air stream which passes 
through it and to which it releases a large proportion of heat. At 
the same time, however, the refrigerant is already transferring 
heat to the coolant of the circuit 12 at the countercurrent heat 
exchanger 23 of the circuit 12. In this phase, the circuit 12 is 
connected in such a way by the 4/2 -way valve 15 that its two 
sections 13 and 14 are isolated from one another fluidically and 
completely with regard to heat transfer. Therefore, the heating 
pump 22 merely circulates the coolant of circuit 12 through section 
14. 

[00011] If the temperature is in a predefined temperature range 
and the atmospheric humidity reaches a defined threshold, after 
which unacceptable fogging of the windows will occur, the 
throttle valve 4 is controlled by signals from the temperature 
and humidity sensors in such a way that the mass flow of 
refrigerant in the circuit 1 upstream of the passenger 
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compartment heat exchanger 5 is throttled to only a low 
throughput. In the process, the moisture contained in the air 
stream passing through the passenger compartment heat exchanger 5 
is at least substantially condensed at the passenger compartment 
heat exchanger 5, while the moisture which has already condensed 
at the heat exchanger 5 remains at the heat exchanger 5 . The 
coolant which is circulating in section 14 of the cooling circuit 
12 has in the meantime been heated by the introduction of heat 
from the circuit 1 via the countercurrent heat exchanger 23 
following the first heating phase, with the heat exchanger 24 now 
performing the initial role of the evaporator 5 and heating the 
passenger compartment by means of an air stream passing through 
it. In this case, the heat exchanger 24 compensates for the loss 
of heating power which results from the throttling of the mass 
flow of refrigerant upstream of the evaporator 5, and at the same 
time the evaporator 5 dries the air which is passed to the 
passenger compartment. 

[00012] The heating of the passenger compartment by means of the 
heat exchanger 24 serving as heat source continues until the 
temperature in the passenger compartment exceeds an upper limit 
temperature of the predefined temperature range, above which it 
is impossible for any fogging precipitation to form on the 
windows, even at relatively high humidity levels. Then, the 
throttle valve 4 is opened again by means of the abovementioned 
sensors, so that the mass flow of refrigerant in the circuit 1 
increases such that the passenger compartment can be sufficiently 
heated by way of the evaporator 5. The function of the heating 
heat exchanger 24 becomes subordinate if not completely 
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irrelevant, and air no longer passes through it. 

[00013] The heat which continues to be introduced into the 
circuit can now be used entirely to heat the engine 16 and the 
radiator 17, with the 4/2 -way valve 15 being connected 
accordingly and the two circuit sections 13 and 14 being 
fluidically connected to one another. 

[00014] Although it is conceivable for the passenger compartment 
to be heated by a different heat source located outside the 
circuit 1, it is highly advantageous to use the heating heat 
exchanger 24 of the engine cooling circuit 12, which is already 
present in any case, as the heat source, with a view to saving 
space . 

[00015] Furthermore, it is also possible for the circuit 12 to be 
provided without a 4/2 -way valve 15, which eliminates the need to 
disconnect the two circuit sections 13 and 14 from one another. 
Although this structurally simplifies the engine cooling circuit 
12, the heat which has been introduced into this circuit 12 from 
the circuit 1 is distributed not just through section 14 but 
through the entire circuit 12, which leads to significantly 
slower and, in the worst possible scenario, inadequate heating of 
the passenger compartment. It is also conceivable to dispense 
with the countercurrent heat exchanger 23, which again represents 
a structural simplification. In this case, the only coupling 
between the two circuits 1 and 12 is via the countercurrent heat 
exchanger 20 which, however, has no effect on the heating of the 
passenger compartment. In this case, however, there is no heating 
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of the passenger compartment when the engine is cold. Rapid 
heating of the engine is achieved mainly with relatively small 
engine designs, and consequently even halfway comfortable heating 
of the passenger compartment can only be expected with these 
designs of engine. By contrast, if the countercurrent heat 
exchanger 23 is provided, the compressor power can easily be used 
to heat the passenger compartment quickly and comfortably. 

[00016] Furthermore, the heating of the passenger compartment is 
improved in terms of efficiency and speed if the air-conditioning 
system is switched to recirculated air and consequently the 
supply of fresh air is stopped. In this case, the refrigerant 
releases its heat in the countercurrent heat exchanger 23 and is 
throttled in throttle valve 4 to a pressure which correlates with 
a temperature such that the temperature at the surface of the 
passenger compartment heat exchanger 5 is below the dewpoint 
temperature which leads to fogging of the windows. 
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